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(54) Composite material structure able to absorb and dissipate incident electromagnetic 

radiation power, in particular for air, water and land craft and for fixed ground installations 



(57) A composite material structure is described 
able to absorb and dissipate the power of the electro- 
magnetic radiation incident on the structure. 

The main characteristic of said structure is that the 



absorbent layers (12, 12A), of which it is composed, 
consist of resins, plastics orpolyurethane foams mixed 
with carbon fibre dipoles, in order to improve the elec- 
trical, electromagnetic and mechanical properties of the 
structure compared with the known art. 
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Description 

This invention relates to a composite material struc- 
ture able to absorb and dissipate electromagnetic radi- 
ation power. It is used mainly as ciadding tor air, water 5 
and land craft and tor fixed ground installations, to pre- 
vent their identification by radar. As is well known, radar 
operation is based on the fact that electromagnetic ra- 
diation emitted by a source undergoes reflection on 
striking objects. jo 

The causes ol such reflection usually reside in the 
objects' geometry and in diffraction and diffusion phe- 
nomena deriving from their shape, their outline, any dis- 
continuity and finally the type o1 material used for their 
construction. In order to limit the power of the radiation 75 
reflected by the object and consequently make the ob- 
ject invisible to radar it is therelore necessary to appro- 
priately choose the geometry of the object and its con- 
stituent material, taking account of the fact that a com- 
promise must in any event be reached with the f unction- 20 
alrty of the object, which must always be operable and 
structurally strong. 

Currently used structures consist of multilayers 
(composite materials) of variable thickness, number of 
layers and overall weight. These parameters depend on 25 
the radar-emitted radiation frequencies for which it is re- 
quired that the object remains substantially invisible. 

Such a structure usually consists o1 an outer paint 
layer, followed by inner dielectric layers (formed from 
kevlar, glass fabric, polyester fibre, epoxy and phenolic 30 
resins, plastics, polyurethane and polyacrylimide foams 
or balsa), alternating with absorbent and dissipative ma- 
terial, and a final layer able to reflect electromagnetic 
radiation as much as possible (composed generally of 
carbon fabric, metallized fabrics, conductive paints or 35 
metal foil). 

The absorbent material layers are formed from res- 
ins, plastics or polyurethane foams, mixed with conduct- 
ing materials (ferrite, graphite or metal powders). The 
resins, plastics or foams enable thin layers of absorbent *o 
material to be rolled (from 0.1 millimetres to 3-4 centi- 
metres), but do not have notable electromagnetic prop- 
erties, as they represent dielectric materials with sub- 
stantially no dielectric losses or dielectric conductivity. 
In contrast, the conducting materials (the so-called "ac- *s 
tive substances") have structural characteristics such 
as to induce strong electromagnetic radiation power ab- 
sorption within them and dissipation thereof in the form 
of heat. 

However, currently known structures satisfy only so 
some of the electromagnetic and/or mechanical charac- 
teristics tor use. In this respect, absorbent materials de- 
signed and constructed for example for application to 
measurement laboratories or anechoic chambers 
present a wide frequency range ("attenuation band") ss 
within which the electromagnetic radiation power is at- 
tenuated (more than one octave within the frequency 
range from 1 to 20 GHz) and a considerable absorption 



within the attenuation band (more than 20 dB in horizon- 
tal and vertical polarization), but provide limited perform- 
ance from the mechanical viewpoint, in terms of weight, 
large thickness, low tensile strength and fragility. 

Again, materials for military use, for which good 
structural characteristics are required, are character- 
ised by limited perlormance in terms of electromagnetic 
characteristics, such as the attenuation band (the fre- 
quency range is limited to one octave) and the electro- 
magnetic radiation power absorption within the attenu- 
ation band (limited to 13 dB). 

An object of the present invention is to provide a 
composite material structure able to absorb and dissi- 
pate the incident electromagnetic radiation power which 
obviates the aforesaid drawbacks, ie to provide an ab- 
sorbent material layer positioned within the structure 
which gives the structure notable electromagnetic prop- 
erties and, at the same time, mechanicaJ characteristics 
better than those of known structures, so enabling it to 
be used in environments in which considerable structur- 
al rigidity is required. 

A further object of the invention is to provide a com- 
posite material structure able to absorb and dissipate 
incident electromagnetic radiation power which can be 
used for both civil and military purposes and which sat- 
isfies current natbnal and international standards for 
these uses. 

A further object of the invention is to provide a com- 
posite material structure able to form the outer cladding 
of an object and hence, as such, can be externally paint- 
ed, is of simple low-cost construction and does not re- 
quire the use of complicated or particularly costly tech- 
niques. 

These and further objects are attained by a com- 
posite material structure able to absorb and dissipate 
incident electromagnetic radiation power for use, in par- 
ticular, on air, water or land craft and on fixed ground 
installations, in accordance with claim 1. 

Advantageously, the composite material structure 
according to the present invention uses a plurality of su- 
perposed layers of absorbent material such as to im- 
prove the electromagnetic, electrical and mechanical 
properties of the entire structure compared with the 
known art. Between one layer and the next there is pro- 
vided a further layer formed from dielectric material. 

In particular, the use of carbon fibre dipoles im- 
mersed in a dielectric material of substantially zero con- 
ductivity (resin, plastic, polyurethane foam) enables thin 
layers of absorbent material to be rolled (with conse- 
quent advantages in terms of space limitation, structure 
thinness, low manufacturing cost), possessing electro- 
magnetic characteristics such as to induce radiation 
power dissipation greater than and within a wider fre- 
quency range than structures used up to the present 
time, while at the same time possessing mechanical 
properties specific for the particular application, such as 
hardness ol the structure outer surface, lightness, ten- 
sile strength, bending strength and considerable elas- 



3 

ticity. 

The application of said structure in external environ- 
ments (aircraft structures, parts of ships and subma- 
rines, naval shields, protection systems, containers, 
launchers, armoured vehicles, turrets, antenna sup- 
ports) or internal environments (anechoic chambers, 
measurement laboratories) confirms its versatility of use 
in both the civil and military fields; moreover it is de- 
signed to satisfy national and international standards 
current in these fields, which relate to limits of exposure 
of the human body to electromagnetic radiation, physi- 
cal and electromagnetic characteristics necessary tor its 
use on Police and Customs and Excise vehicles, and 
ballistic protectbn limits where the structure is used as 
an armament material. 

Finally, its compatibility with specific applicational 
environments makes it easy to install and to be integrat- 
ed with already existing structures. For example, the fa- 
cility for forming very thin layers and the fact of being 
able to paint the most outer layer of the resultant struc- 
ture enable it to be easily fitted to missiles, ships, vehi- 
cles or parts thereof by simply being positioned or glued 
on them. 

Further objects and advantages of the present in- 
vention will be apparent from the description thereof giv- 
en hereinafter with reference to the accompanying 
drawings, which are provided by way of non-limiting ex- 
ample and in which: 

Figure 1 is a schematic perspective view ol a portion 
of a first embodiment (by way of non -limiting exam- 
ple) of the composite material structure of the 
present invention; 

Figure 2 is a schematic view of one of the compo- 
nent carbon fibre dipoles of the layer of absorbent 
and dissipative material of the structure of Figure 1 ; 
Figure 3 is a cartesian graph showing schematically 
the real part of the dielectric constant plotted 
against incident electromagnetic radiation frequen- 
cy tor a first absorbent and dissipative material layer 
of a second embodiment (by way of non-limiting ex- 
ample) of the structure of the present invention; 
Figure 4 is a cartesian graph showing schematically 
the imaginary part of the dielectric constant plotted 
against incident electromagnetic radiation frequen- 
cy for the first absorbent and dissipative material 
layer of that embodiment of the structure shown in 
Figure 3; 

Figure 5 is a cartesian graph showing schematically 
the real part of the dielectric constant plotted 
against incident electromagnetic radiation frequen- 
cy tor a second absorbent and dissipative material 
layer of thai embodiment of the structure shown in 
Figure 3; 

Figure 6 is a cartesian graph showing schematically 
the imaginary part of the dielectric constant plotted 
against incident electromagnetic radiation frequen- 
cy for the second absorbent and dissipative mate- 
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rial layer of that embodiment of the structure shown 
in Figure 3; 

Figure 7 is a cartesian graph showing schematically 
the reflectivity (ratio of reflected electromagnetic 
5 energy to incident electromagnetic energy) for that 
embodiment of the structure shown in Figure 3 plot- 
ted against incident electromagnetic radiation fre- 
quency. 

10 In Figure 1 the reference numeral 10 indicates the 
most outer layer of the composite material structure, 
which is generally painted. The reference numerals 11, 
11 A, 1 1 B indicate three dielectric material layers formed 
from aramid fibre (kevlar) fabric, glass, epoxy resins, 

75 rubber or insulating foams, alternating with two absorb- 
ent and dissipative material layers, indicated by 12, 12A, 
formed from resins, plastics or insulating foams mixed 
with a variable quantity of carbon fibre dipoles. The ref- 
erence numeral 13 indicates an electrically conducting 

20 material layer which reflects electromagnetic radiation 
and has a structure which is specific for the particular 
type of application. It is formed from carbon fabric, nick- 
el-coated polyester fabric, metallized fabrics, conduc- 
tive paints or metal foil. A suitable quantity of epoxy resin 

2S is used as the adhesive between the layers. 

The total structure thickness, indicated by H, is giv- 
en by the sum of the thicknesses of each composite ma- 
terial layer and is chosen on the basis of its use and the 
frequency range of the incident radiation within which 

30 the object is required to be invisible. It usually varies be- 
tween 1 millimetre and 100 millimetres. 

The number, the thickness and the order of succes- 
sion of layers of dielectric material 11, 11A, 11Band lay- 
ers of absorbent and dissipative material 12, 12A (all 

35 mutually superposed and alternating) are parameters 
which again depend on the scheduled use for the struc- 
ture and the frequency range of the emitted electromag- 
netic radiation within which the object is required not to 
be intercepted. 

to with reference to Figure 2, L indicates the length of 
a carbon fibre dipole and D indicates the base diameter 
of the dipole. The dipoles in question are in the form of 
cylindrical carbon fibre rods and are components of 
each absorbent and dissipative layer 12, 12A of the 

4$ structure, in mixture with other dielectric substances. 

The number of dipoles also depends on the sched- 
uled use for the structu re and the frequency range of the 
incident electromagnetic radiation within which the ob- 
ject is required to be invisible. The length of each dipole 

50 varies from a minimum of 1 millimetre to 15 millimetres, 
whereas its base diameter varies from 0.1 micron to 20 
microns. The weight of the dipoles per square metre of 
absorbent and dissipative layer 12, 12A is in any event 
less than 2 grams. 

55 The length ol the dipoles, their base diameter and 
their weight per square metre of absorbent and dissipa- 
tive layer 12, 12A are variable parameters which influ- 
ence the electrical and electromagnetic characteristics 



EP 0 742 095 A2 



3 



5 



EP 0 742 095 A2 



6 



of the structure, in that any variation thereof influences 
the dielectric constant, which characterises the absorb- 
ent and dissipative layer 12, 12A and which itself de- 
pends on the frequency of the incident electromagnetic 
radiation. 

Figures 3 to 7 show the variation ol certain electro- 
magnetic parameters characteristic of the absorbent 
and dissipative layer 12, 12A in the particular case of 
one embodiment of the structure according to the inven- 
tion. 

The embodiment in question relates to a structure 
consisting of several superposed layers. Starting from 
the region of contact with the object, these consist re- 
spectively o1 an electrically conducting and reflecting 
carbon labric layer of 0.2 millimetre thickness, a first lay- 
er of dielectric material (in particular polymethacrylim- 
ide, having a dielectric constant modulus of 1.1) of 2.5 
millimetre thickness, a first absorbent and dissipative 
layer 12, 12A, a 3 millimetre thick second layer of die- 
lectric material ol the same type as the first dielectric 
layer, a second absorbent and dissipative layer 1 2, 1 2A, 
a 2.5 millimetre thick third layer of dielectric material of 
the same type as the first and second dielectric layer, a 
0.7 mm thick fourth layer of dielectric material in the form 
of kevlar fabric (aramid fibre) and finally an outer layer 
of paint. The carbon fibre dipoles contained in the ab- 
sorbent and dissipative layers 12, 12A have a length L 
of 4 millimetres and a base diameter D of 7 microns. The 
dipoles present in the first absorbent layer 1 2, 12A have 
a weight of 0.083 grams per square metre. The dipoles 
present in the second absorbent layer 12, 12A have a 
weight o1 0.250 grams per square metre. The epoxy res- 
in mixed (as dielectric material) with the carbon fibre di- 
poles has a weight of 0.5 kilograms per square metre in 
the first absorbent layer 12, 12A and a weight of 1 kilo- 
gram per square metre in the second absorbent layer 
12, 12A. The total weight of the structure is 4 kilograms 
per square metre and its total thickness is 1 centimetre. 

The absorbent and dissipative layers 1 2, 1 2 A do not 
present magnetic losses. 

The graphs of the real part and imaginary part of 
the dielectric constant of the second absorbent and dis- 
sipative layer 12, 12A plotted against the Irequency of 
the incident electromagnetic radiation are shown in Fig- 
ures 3 and 4 respectively. 

The graphs of the real part and imaginary part of 
the dielectric constant of the first absorbent and dissi- 
pative layer 1 2, 1 2A plotted against the frequency of the 
incident electromagnetic radiation are shown in Figures 
5 and 6 respectively. 

These cartesian graphs were derived from labora- 
tory tests and experiments and show that the real part 
and imaginary part of the dielectric constant of the ab- 
sorbent material decrease as the Irequency ol the inci- 
dent radiation increases. 

In particular, as the frequency increases the imagi- 
nary part of the dielectric constant of the second absorb- 
ent and dissipative layer 1 2, 12A decreases, relative to 



the average value of the frequency range considered (6 
GHz - 18 GHz), to a lesser extent than the correspond- 
ing real part. In contrast, in the case of the first absorbent 
and dissipative layer 12, 12A, the imaginary parlol the 
5 dielectric constant decreases, relative to the said aver- 
age value of the frequency range considered (6 GHz - 
18 GHz), to a greater extent than the corresponding real 
part 

The cartesian graph ol Figure 7 shows the variation 
10 of the reflectivity (ratio of reflected electromagnetic en- 
ergy to incident electromagnetic energy) of the structure 
of the present invention compared with the reflectivity, 
taken as the reference value, of a similar structure which 
completely reflects the electromagnetic radiation. 
»5 The reference value is represented on the graph by 
a horizontal line positioned, for calibration purposes, at 
OdB. 

The structure of the present invention absorbs elec- 
tromagnetic radiation power within a frequency range 

so from 5 GHz to 26 GHz. In addition, within the stated fre- 
quency range the reduction In reflectivity, compared with 
an ideally reflecting similar structure, exceeds 20 dB 
(the ratio of the electromagnetic radiation power reflect- 
ed by the structure to the electromagnetic radiation pow- 

25 er reflected by an analogous ideally reflecting structure 
is shown in dB). In practice, this means that the electro- 
magnetic radiation power reflected by the structure of 
the invention is equal to 1/100, in both polarizations (hor- 
izontal and vertical) of the electromagnetic field, ol that 

30 reflected by the ideally reflecting analogous structure. 
Other experimental tests conducted on similar 
structures used on air, water and land craft highlight spe- 
cific mechanical characteristics in addition to the afore- 
said electromagnetic properties. In these structures, the 

-35 frequency of the incident electromagnetic radiation and 
their application determine the number of dielectric ma- 
larial layers 11, 11 A, 11B, the number ol absorbent and 
dissipative layers 12, 12A (from a minimum of one to a 
maximum of three), the order of the succession of die- 

^0 lectric material layers 1 1 , 1 1 A, 1 1 Band absorbent layers 
12, 12A, the type of dielectric material used, the com- 
position of the absorbent and dissipative layer 12, 12A, 
the thickness of the layers and the type ol adhesive. 
The electromagnetic characteristics and the me- 

45 chanical properties of the structure of the present inven- 
tion are in all cases superior to the electromagnetic char- 
acteristics and mechanical properties ol structures of 
the known art. 

In particular, the attenuation band extends within an 
50 incident radiation frequency range Irom 1 to30GHz,the 
average value of the absorbed power within the attenu- 
ation band being greater than 20 dB (the ratio of the 
electromagnetic radiation power reflected by the struc- 
ture to the incident electromagnetic radiation power is 
55 indicated In dB) in horizontal and vertical polarization. 
In addition the hardness of the absorbent and dis- 
sipative layer 12, 12A, expressed in conventional num- 
bers in accordance with the Shore measurement meth- 
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fixed ground installations, comprising: 

at least one layer of paint (1 0); 

- at least one layer of dielectric material (11, 11 A, 
s 11 B); 

- at least one layer of absorbent and dissipative 
material (12, 1 2A) able to absorb and dissipate 
incident electromagnetic radiation power and 
consisting ol dielectric substances mixed with 

10 electrically conducting substances; 

at least one layer of electrically conducting ma- 
terial (13) able to reflect incident electromag- 
netic radiation; 

is said layers of dielectric material (11, 11 A, 11 B) and 
ol absorbent and dissipative malerial (12, 12A) be- 
ing reduced to sheets, and said layers of paint (10), 
ol dielectric material (11, 11 A, 11B), ol absorbent 
and dissipative material (1 2, 1 2A) and of electrically 

20 conducting material (13), forming the entire struc- 
ture, being joined together by adhesive substances, 
characterised in that said electrically conducting 
substances, of which said layer of absorbent and 
dissipative material (12, 12A) is composed, consist 

25 of a plurality of carbon fibre dipoles. 

2. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 , characterised in that said car- 
30 bon fibre dipoles are ol cylindrical lorm, the length 
(L) and the base diameter (D) of which are param- 
eters variable on the basis of the frequency band of 
said incident electromagnetic radiation. 

3* 3. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as c [aimed in claim 1 or 2, characterised in that said 
carbon fibre dipoles absorb and dissipate said inci- 
dent electromagnetic power by acting on the elec- 
ta trical component of said electromagnetic radiation. 



od, exceeds 80, the tensile strength exceeds 15 new- 
tons per square millimetre, and the normal modulus of 
elasticity of the entire structure exceeds 2500 newlons 
per square millimetre. 

Finally, in accordance with United States Military 
Standard MIL-P-46593-A, the absorbent and dissipative 
layer 12, 12A of those structures of this type intended 
for military use attains a "ballistic limit" expressed in 
terms of impact velocity (of a 17 grain splinter simulator 
projectile) corresponding to a 50% probability of perfo- 
ration, equal to 350 metres per second. The impact ve- 
locity can be easily increased by inserting further die- 
lectric material layers 11, 11 A, 11 B. 

The characteristics of the composite material struc- 
ture for absorbing and dissipating incident electromag- 
netic radiation power according to the present invention 
are apparent from the aforegoing description, as are its 
advantages. 

In this respect: 

the mechanical characteristics ot the composite 
material structure of the present invention enable it 
to be used for constructing or covering objects sub- 
jected to mechanical stress and exposed to atmos- 
pheric agents; 

the materials ol the known art, even il they attain 
electromagnetic properties comparable to those of 
the said slructure, do not have the same mechani- 
cal strength, hardness and lightness characteris- 
tics, and cannot for example be used in applications 
in which they perform a load-bearing function; 
their electromagnetic properties, in terms of the at- 
tenuation band and absorption within the attenua- 
tion band, are superior to those of known structures; 
the absorbent and dissipative layers are construct- 
ed by simple and economical procedures for every 
specific application; 

the composite material structure of the present in- 
vention can be used for both civil and military uses, 
and is designed to satisfy current national and in- 
ternational standards for these uses. 

Numerous modifications can be made to the com- 
posite material structure for absorbing and dissipating 
incident electromagnetic radiation power according to 
the present invention without leaving the principles of 
novelty contained in the inventive idea, and in the prac- 
tical implementation of the invention the materials, 
shapes and dimensions of the illustrated details can be 
varied according to requirements and can be replaced 
by others which are technically equivalent. 

Claims 

1. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power, 
of the type used for air, water and land craft and for 



4. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 2, characterised in that the 
range of values o1 said length (L) of each carbon 
fibre dipole is from 1 millimetre to 15 millimetres 
(end values included). 



5. A composite material structure able to absorb and 
so dissipate incident electromagnetic radiation power 

as claimed in claim 2, characterised in that the 
range of values of said base diameter (D) of each 
carbon fibre dipole is from 0.1 micron to 20 microns 
(end values included). 

55 

6. A composite malerial slructure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 or 2, characterised in that the 
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weight of said carbon fibre dipdes is less than or 
equal to 2 grams per square metre of layer of ab- 
sorbent and dissipalive material (12, 12A). 

7. A composite material structure able 1o absorb and s 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 , characterised in thai said di- 
electric substances, of which said layer ol absorb- 
ent and dissipativc male rial (12, 12 A) is composed, 
consist of resins or plastics or poryurethane foams. 10 



dissipate incident electromagnetic radiation power 
as claimed in claim 1 or 2, characterised in that the 
electromagnetic radiation power reflected by said 
structure, h bolh polarizations (horizontal and ver- 
tical) of the electromagnetic field, is on an average 
at least 1/100 of the power reflected by an ideally 
reflecting similar structure, within a frequency range 
of said incident electromagnetic radiation from 1 gi- 
gahertz (GHz) to 30 gigahertz (GHz) (end values 
included). 



8. A composite material structure able to absorb and 1 
dissipate incident electromagnetic radiation power 

as claimed in claim 1 , characterised in that said lay- 
ers of pain1(10), of dielectric material (11, 11 A, 11B), '5 
of absorbent and dissipative materiaJ (12, 12A) and 
of electrically conducting material (1 3), forming the 
entire structure, being joined together by epoxy res- 
ins. 1 

20 

9. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1, characterised in that said 
structure has a hardness which, expressed in con- 
ventional numbers in accordance with the Shore 2S 
method, is at least 80. 



4. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 , characterised In that the thick- 
ness range of said layer of absorbent and dissipa- 
tive material (12, 12A) is from 0.1 millimetres to 3 
centimetres (end values included). 

5. A composite material structure able to absoib and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 .characterised in that ihe thick- 
ness range of said structure is from 1 millimetre to 
100 millimetres (end values included). 



10. A composite material structure able to absorb and 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 , characterised in that the as- w 
sembly ol said electrically conducting substances, 
of which said layer of absorbent and dissipative ma- 
terial (12, 12A) is composed, has atensile strength 
of at least 15 newtons per square millimetre of sur- 
face of said layer of absorbent and dissipative ma- & 
lerial (12, 12A). 



11. A composite material structure able to absorb and 
dissipate incident electromagnetic radialion power 
as claimed in claim 1, characterised in that said *0 
structure has a normal modulus of elasticity of at 
least 2500 newtons per square millimetre of surface 
o1 said structure. 



12. A composite material structure able to absorb and *s 
dissipate incident electromagnetic radiation power 
as claimed in claim 1 , characterised in that the as- 
sembly of said electrically conducting substances, 
of which said layer ol absorbent and dissipative ma- 
terial (12, 12 A) is composed, has a ballistic limit ex- so 
pressed in terms of impact velocity corresponding 
to a 50% probability of perforation, of at least 350 
metres per second, said limit being measured by a 
17 grain splinter simulator projectile, in accordance 
with United Stales Military Standard MIL-P- ss 
46593-A. 



13. A composite material structure able to absorb and 
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radiation power, in particular for air, water and land craft and for fixed ground installations 



(57) A composite material structure is described 
able to absorb and dissipate the power of the electro- 
magnetic radiation incident on the structure. 

The main characteristic of said structure is that the 



absorbent layers (12, 12A), of which it is composed, 
consist of resins, plastics or polyurethane foams mixed 
with carbon fibre dipoles, in order to improve the elec- 
trical, electromagnetic and mechanical properties of the 
structure compared with the known art. 
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